A Universal Program for Tissue Regeneration?  by Strähle, Uwe & Schmidt, Rebecca
Developmental Cell
PreviewsA Universal Program for Tissue Regeneration?Uwe Stra¨hle1,* and Rebecca Schmidt1
1Institute of Toxicology and Genetics, Karlsruhe Institute of Technology, Postfach 3640, 76021 Karlsruhe, Germany
*Correspondence: uwe.straehle@kit.edu
http://dx.doi.org/10.1016/j.devcel.2012.11.009
Reporting in this issue of Developmental Cell, Kizil et al. (2012) identify the transcription factor Gata3 as
an important player in regeneration of the zebrafish adult telencephalon. Other injured tissues like the
heart and the fin also upregulate Gata3 in response to injury, suggesting that Gata3 is a general response
to tissue damage.In contrast to the human brain and that of
most other vertebrates, neurogenesis in
the brain of adult fishes is a widespread
phenomenon. The adult zebrafish brain
generates around 6,000 new neurons
every half hour (Hinsch and Zupanc,
2007). Many regions of the adult zebrafish
brain maintain stem cell niches that
produce new neural cells for the life-long
growth of the teleost central nervous
system (Kizil et al., 2012). It is thus not
surprising that zebrafish also have
a remarkable ability to heal injuries of the
central nervous system (Ma¨rz et al.,
2011; Kizil et al., 2012). We know little
about the molecular mechanisms under-
lying this remarkable regenerative capac-
ity of the teleost spinal cord and brain. In
this issue of Developmental Cell, Kizil
et al. (2012) provide evidence that
Gata3, a zinc finger transcription factor,
plays a specific role in reactive neurogen-
esis but is not required for constitutive
neurogenesis. Thus, in contrast to expec-
tations, mechanisms distinct from those
of constitutive neurogenesis are used in
the control of reactive neurogenesis for
the repair of injured nervous tissue in the
teleost brain.
The adult zebrafish telencephalon has
become an attractivemodel to study adult
neurogenesis (Ma¨rz et al., 2010; Kizil
et al., 2012). Unlike the mammalian telen-
cephalon, the teleost homolog undergoes
a peculiar morphological transformation
(eversion), such that not only are ventric-
ular regions deeply buried in the telen-
cephalon, but they also line the dorsal
and lateral aspects of the telencephalon
(Figure 1) (Wullimann and Mueller, 2004).
The neurogenic niches occupy the entire
periventricular area in the zebrafish telen-
cephalon (Lam et al., 2009; Ma¨rz et al.,
2010; Kizil et al., 2012). These regions
are characterized by radial glia thatexpress astrocytic markers and have
long processes that reach the pial surface
(Figure 1), like their counterparts in the
developing mammalian brain (Lam et al.,
2009; Ma¨rz et al., 2010). Radial glial cells
have stem cell properties; most are quies-
cent, but some cycle slowly, self-renew-
ing while generating new neurons (Lam
et al., 2009; Ma¨rz et al., 2010; Rothe-
naigner et al., 2011).
Injuring the zebrafish adult telenceph-
alon with a needle inflicts a large wound
that rapidly fills with blood cells and
attracts microglia and macrophages
(Ma¨rz et al., 2011; Kizil et al., 2012). Within
3 days, many radial glial cells enter the cell
cycle in the injured telencephalic hemi-
sphere and begin producing new neurons
(Ma¨rz et al., 2011). Neuronal proliferation
is still slightly elevated 2 weeks after inflic-
tion of the lesion, but by 3 weeks postin-
jury, the baseline activity of constitutive
neurogenesis has been reestablished
and the wound has healed without leaving
any histological signs of the traumatic
impact (Ma¨rz et al., 2011). Little is known
about the underlying regulatory mecha-
nisms that control the response to injury.
Kizil and colleagues (2012) now show
that expression of the transcription regu-
lator Gata3 is upregulated in radial glial
cells in response to wounding before the
expression peak of the proliferation
marker PCNA (Kizil et al., 2012). This
suggests that gata3 is an early-response
gene and that it may coordinate the prolif-
erative response to injury. Indeed, knock-
down of Gata3 translation significantly
reduced the number of radial glial cells
that entered the cell cycle upon wound-
ing. Gata3 expression was not detectable
in radial glia in the uninjured brain, as as-
sessed by in situ hybridization and qRT-
PCR analysis. This led the authors to
conclude that upregulation of Gata3 isDevelopmental Cell 23, Dea response specific to injury and suggests
that the mechanisms underlying consti-
tutive and reactive neurogenesis are
different. Forced expression of Gata3 in
the uninjured brain did not increase the
proliferation of radial glial cells. Thus,
Gata3 is not sufficient, but requires coop-
eration with additional factor(s) to induce
cell proliferation in response to injury.
What are the signals that induce Gata3
expression in response to injury? Kizil
et al. (2012) show that blocking Fgf
signaling by misexpression of a domi-
nant-negative Fgf receptor reduces the
induction of gata3 mRNA expression in
the injured telencephalon, suggesting
that Fgf signals are involved in the control
of the injury response. However, the same
laboratory has previously also provided
evidence that Fgf signaling is required
for constitutive proliferation of neural
stem cells in the ventromedial periventric-
ular zone in the uninjured telencephalon
(Ganz et al., 2010). This role for Fgf
signaling in constitutive neurogenesis,
taken together with the total absence of
gata3mRNA in radial glia cells in the unin-
jured brain, hints at a requirement for
other signals in addition to Fgf signaling
in the induction of gata3. A recent publica-
tion (Kyritsis et al., 2012) provides a
possible answer to this question of other
signals by showing that inflammation
triggers cell proliferation andGata3 induc-
tion in the zebrafish telencephalon.
Hence, quite in contrast to mammals, in
which the inflammatory response pre-
vents neuronal regeneration, inflamma-
tory signals appear to promote regenera-
tion in the zebrafish brain.
In zebrafish, other organs can also
regenerate. Kizil and colleagues (2012)
therefore asked whether gata3 would
also be upregulated in the injured fin and
heart. Indeed, they not only detectedcember 11, 2012 ª2012 Elsevier Inc. 1123
Figure 1. Proliferative Response to Injury in the Zebrafish Telencephalon
Schematic cross-sections through the adult zebrafish telencephalon indicating the proliferative periven-
tricular regions in the uninjured brain (A) and after stab injury (B). Radial glial cells (rgc) have long processes
spanning the entire parenchyma. Gata3 expression is detected in proliferating radial glial cells (yellow with
red dot) after stab injury (sw), but not in proliferating radial glial cells (white with red dot) in the uninjured
brain. Generation of new neurons is entirely confined to the periventricular regions, even at sites distant
to the wound. Color code represents different expression states of radial glial cells (white, gata3/
her4.1+; yellow, gata3+/her4.1+). Microglia cells (blue) accumulate at the wound (wedge-shaped gray
area, sw). The red dots indicate the nuclei of proliferating microglia and radial glia.
Developmental Cell
Previewsupregulation of gata3 in response to
wounding of these organs, but they also
show that blocking Fgf signaling inhibited
the induction of gata3 expression in the
fin, just as has been observed in the telen-
cephalon. Thus, the gata3 gene seems to
respond in an Fgf-signaling-dependent
manner to tissue injury in general, sug-
gesting that its induction may be a
universal response to tissue damage. It
would be interesting in future work to
assess gata3 expression in an injured,1124 Developmental Cell 23, December 11, 2nonregenerating tissue such as the
central nervous system of the mouse to
assess the broader relevance of the
observations.
Gata3 has a number of well-described
functions in processes other than tissue
regeneration, such as differentiation of
T cells, development of the luminar lining
of the mammary gland, and embryonic
neurogenesis in the central and peripheral
nervous systems (Chou et al., 2010).
Thus, the specific function of Gata3012 ª2012 Elsevier Inc.appears to depend on its cellular context.
In this respect, it may not be too surprising
that overexpression of gata3 alone did not
induce cell proliferation in the uninjured
telencephalon. The next challenge will
be to identify Gata3 cofactors and down-
stream genes controlled by Gata3 in the
tissue regeneration pathway uncovered
by the pioneering work of Kizil and
colleagues (2012).REFERENCES
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